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ROY. ESTABLI SiTMET , FARNWBORCU!
Effect of a copper brazing temperature oycle and subsequent
heat~-treatments on the mechanical yroperties
of some aircraft steels,
by
G.Ce Brigms B.Eng., D, Lewis B,Sc. L.LM.
and

H. Brooks B.Sc., A.I.M,

R.A.E. Reference: M5/ 73620/HB/5
¥,0,5, Reference: Res,Mat, 667/Rn.Mat.1m,/M.

SUMMARY

Tests have been made to determine tho effect of copper braing
and subsequent heat-treatments on the tensile, impact and fatigue
properties of a number of heat-treated steels, weldable low=-alloy
steels and plain carbon stzels, All the steels suffered ascme
reduction in properties as a result of the brasing process although
in the case cf the hot rolled and normalised plain oarbon steels
only the impaot resistance was approciably affected, With the
exception of ons material, whose properties were obtained by cold:
working, the original propertics of the steels oould be restored by
an appropriate post-brazing heat-treatment,
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by Introduction

. Outside the aircraft industry the oopper bresing process hes
been mainly used for” joining small pressed or turmed parts made:
from mild steel, Tests have shown that the jolnts produced are
surprisingly strong and the satisfactory behaviour of the parts
in servioe indiocates that the effect on the mechanioal properties
of the steel of heating to the high termperature (about 1100°C)
neoessary for brezing, is so amell as to be unimportant in the
usual appliocationss  When the process bogan to be used for making
airoraft parts its range of appliocation was extended to include
the Jjoining of parts made from weldable low alloy steels. Joints
in these materials were found to have about the same strength as
Joints in mild steel, and it was inferred that the effect of the
brezing tempersture cycle on the meoheniocal properties of these
steels would be aimilar to that of weldings which was already known.
Steels whose high tensile strengths arc obtained by hardening and
tenmpering viere tentatively regarded as unsuitable.for ocpper .. -
breszing beocause it was cloar that the breszing temperature aycle
would nullify any prior heat~treatment, and it.was not known whether
the properties of such steels could be restored by re-heat-treatment,
and if such a treatment were suoceessful what its effect would be on
.the strength of the Joint. ki

In order to provide information on these points, which, if
favoureble, would allow designers to specify high tensile steels
for parts to be made by oopper brezing, and also to provide more
precise data conoerning tho effeot of the process on oarbon apnd
weldable low-allcy steels, a two part investigation was starteds
The aim of the first part, with whioch this report is conocermed, was
to determine the effect of a copper brezing temperature cycle and
subsequent heat-treatments on the tensile, impact and fatligue pro-
perties of a range of airoraft steels; and the alm of the seoond part,
which will be reported laier was to dotermine the effect of post-
brasing heat-treatments on the strength of joints in these steels,
.and on the degree of interorystalline penoctration of oopper into the
stecls. & . . 8

2 Steels tested

Theso are shovn in Table I, The bar materials were all 1 in.
diameter, the tube materials 1" o.ds X 12Ge, and the strip was 16G.

3 Detedls of tests

,:  Tensile, Izod impact and Wohler fatigue tests were made on the
bar materials in each of the following oconditions (a) as received
.(b) After beihg passed through a oopper brasing furnace and (o) after

- being passed through the furnace and then hsat-treated in one oxr more
woeys. Tenslle and flattening tests were made on the tube materials
and tensile and bend tests on the strip material, in each of these
oconditions. b e : g

3¢l (Tensile tests

For these, round test pieoces having the dimensions of Test Piece O
of B.8.18 were machindd from lengths of bax in the various oonditions.
The ends were screwed with e -7/8 in. B.S.F. thread for attachment to
the solf aligning shaokles of “the testing machine. The tube specimens
were 18 in. long, thay were tested with wedge grips the ends being
Plugged, For tests on the strip mateéerial, Test Fiece A of B.S.18 was

Sl
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used, the width of the 2} in. parallel length being % in. The ends
were drilled to take pins for attachment to shackles. Duplicate
teste were made in all oases, valuse of 0.1%, O.2% and 0.5% proof
stresses, ultimate tensile etrees and peroentage elongation on an
appropriate gauge length being determined. .

3e2 Izod impact tests

Theee were made in duplicate on etandard 3 notoh, 10 m.m. equare
test pieces (B.S.131) machined from lengths of bar which had received
the various treatments described.

3.3 Wohler fatigue teste

For each ef the bar materiale ten 5 in. lengths were obtained
in each of the conditions investigated and from theee Wlhler test
plecee having the dimensions shown in ¥Fig,]l were machined. Theee
ware tested at various stresses to obtain data for a etrees-endurance
ourve from which the fatigue limit vae determined. -

¢4 Flattening and bend tests

As the specifications for the tube materiale oall for flattening
teste such teete wore made on material in each of the oonditione
tested, the testing procedure laid down in the specifioation being
followed. Similarly eingle and reverse bend teete were made on
epecimens from the strip material. ;

‘%  Tempereture oydling and heat-treatments

Suffioient short lengthe of bar, tube and strip for tests in
the 'as bragzed! and 'as brezed and heat-treated! oonditions were
pasesd through a conveyor type brazing furnace spaced at intervale
along the belt botween charges of production partse The speed of
the belt was O.4 ft./min. and the times spent in the preheating,
brazing and cooling zones were 17, 17 and 55 minutee respeotively.

The charge reached a maximum temperature of 1110°C just before paesing
into the oooling chanber,

Detaile of the various poet-brezing heat-treatments used
are given in Teble II.

5 Metallogrephio examination

Seotione takon from a number of the broken tensile test pleocee
'were exammined miorosoopioally. In the 'as brezed' oondition the
“structuree of the steele examined were of two typee, the plain
sarbon steele (B.S.8.15 and S6) had. ooarse forrite-pearlits etzucturee
“‘and the alloy steele (D.T.D.188A end B.S.S.811) had ooarse acioular
strusturee. In 2all specimene the coarse structuree Were completely
refined by the post-breszing heat-treatments.

6 Resulte and Oonclusions

The reeults of the fatigue teets are given in deatail in
Table XII - XAVIII and are shown in the form of stress-endureance
ourves in Figs.2 = 6. The fatigue limit values derived from these
ourvee are inoluded in Tablee III = XI each of which swmarisee the
reesulte of all the teste made on & particular material and also givee
the main specification requirements for that material. The oonclusione
dexrived from the results are discussed bolows

—5-
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\

6+l B.S.S.15 Bar

This material was included in the tests as a substitute for
Ba8.8.521 ('20' carbon steel suitable for welding) which was in short
supply at the time the tests were started. The results given in
Table III show that the tensile properties were not appreciably
affeoted by brazing, the- Izod value was apparently lowered, as would
be.expected, but the effect seems unimportant in view of the
variability of the 'as received! bar., Normalising improved the-

Izod vélue. Water quenching from the brazing temperature nearly
doubled the tonsile strength but caused a serious reducticn in the
percentage elongation and Izod values. In this condition the -
structure of the steel oonaisted of martensite with very small amounts
of ferrite and troostite at the boundaries of the pre-existing coarse
‘grained austenite.

6¢2 B.3.8.451 Bar

As the properties of this material are obtained by cold worldng,
brezing had a marked effect, the tensile and proof stresses being
lowered well below speoifioation requirements. -Also, as would be
expected, the original propertios were not restored by nommalising,
and in view of the wide range of carbon oontent permitted by the
speoification it is very unlikely that this steel would in practice
be considered suitable for hardening and tempering.

6.5 ; BoS-Soéss Baxr

The ultimate tensile stress, proof stress and percentage elongation
values conformed to spocification requirements after brazing but the
Izod values were lowi. Satisfactory impact properties were ocbtained by
re-normalising, and a general improvement in properties was seoured by
full heat-treatment. Sl

6e4  DoT.D.1884 Bar

The tensile and Izod values, particularly the‘'latter, were lowered
by brezing. Beocause the temperature (660°C) at which the re-heat-
treated specimens were tempered was too high, the ultimate tensile
streass and proof stress values obtained for these speoimens fell short
of specification requirements but it is clear that by the use of a
lower tempering temperature the original properties oould have been
fully restored.

6e5 BeSe.S.4S11 Bar

The rate of ocoling from the bragzing tampereture was suffioclently
rapid to cause partial hardening so.that .the 'as brazed! tensile
strength was high, However, the proof stresses, peroentage elongation
and Izod values viere lowered so much that the material would obviously
not be suitedble for service in this condition. By adjustment of the
brazing oycle it might be posaible to inorease the rete of cooling
suffiolently to glve complete hardening and so make it possible to
obtain specification tensile properties by means of a post-brezing
tempering treatment only, but low Izod values would still be cbtaineds
Full specifioation properties were restored by oomplete re-heat-treatment
after brazing.

6.6  BeSsB.3726 Tube

In the 'as brazed! condition the properties were within the
expected range for softened tubes.

- 6 v




607 BeSaS. 2Tl_¢.§ Tube 5

.- Ths properties of this material are obtained partly by cold
woriing. The ultimate tensile-stress, and the proof stresses moxe
80, were reduced below specification requirements by bx‘z‘.l.ng but
were restored by hardening and tempering.

6.8 D'ToDo&i Tube

Here again the original properties are obtained by oold working
and oonsequently they are impaired by the breszing oyols. The ultimate
tensile stress was reduced to about the same valus as by welding
but the proof stresses were more seriously reduceds Mull speoification
properties were restored by hardening and tempering after brexzing.

6e9 DsTeDs124A Strip

This was received in the softened oondition. After brazing
the propertiea were much the same, that is they were well below
those required for hardened and tempered material; but full
specifiocation properties were cbtained by hardening and tqper.lnz aftex
breazing. z

Attached:s Mate2451 - 24,55. MPe 7977/1
Tables I - XXVIII

DeDesaReDs (Mat) ?ction copy + 1) 7
ReTe P, /T. I.B. . (100)

Dlreotor, Redo B.

DeDeRe 40 Ee

Structures Depte

Librexy (2)
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ZABLE I
Details : of steels tested

Specification " iSpecified tensile strengt
" 5 ! Type . =~ tons/s3einche 4

Be8eSal5 Structural steel 28 - 33
BeSa8e451 Carbon steel=cold dravm T35 = L5
BeSe8s33%6 | "™ " onormalised 35 = 45
Ds T D, 1884 | Manganese~molybderum steel 55 = 65
BeS. 545811 | Nickel=-ohromium steel 55 = 65

BOSOS.3T26 - Carbon steel . 20 min.
BeSeS.2T5 | Carbon-mangsnese steel 45 mine
Do T Do 347 | Chromium~molybdenum steel 50 mine

DeTeDs 1244 | Carbon manganese stecl WO = 55 Ou1% Pxoof Stress

1

TABLE II
Details of heat treatments applied ‘after brasing

Matorial specification Normalising Hardening end tempering

BeSe8.15 Ar cooled from 860°C. Water juenched from
brazing temperature

Bo 8¢ Se 4551 Alr cooled from 860-870°Ce -

Be 808,336 Alr oooled From 860°C. | 01l gueriched from 850°C.
tempered at 60061090,
s jquenched in waters

De ToDu 1884 041 guenched fram 850°C.
! tempered at 660°Cs and
quenched in water.

BoSa 804511 ] - 041 guenched £rem 840°Cs
g ot tempered at 610°C,

"B 8, 8. 3726 Alr cooled from 870-880°C.| -
BeSe8.2T45 - 011 quenched from 860°C.

tempered at 550°C., and
Jquenched n water,

Ds To Do 347

and quenched in odl.

DeTeDel2id | 011 quenched fram 8609C.
. tempered at 550°C. amd
Juenoched in waters
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TABLE XTI

Results of 't':'ahler Patigue Tests on Bar to
BsSe8e_ 15 in t "As- Received Condition

Semi-range of stross
= tons/eq.ine

m.o
17.9
16.9

TABLE XL

_Results of Wihler Fatigue Tests oun t0.
=%.5.5. 15 in the A= Brazed ﬁmgoa —

Semi-rénge of stress
- ton odine




TABLF, XIV

Rosults of Wohler Fatigue Tests on Bar to
B.S.8.15 Normalised after Brazing. g

Semi-renge of stress Endurgnoe
- tons/sq.in. - x 10° gyoles
17.25 00687
16.05 5304
15,50 .5e4i28
150010- ‘. 300307
16.65 0.960
15,30 1 002
. 18,30 0.348
. 15.15 54178
. 15,00 234674

Results of Wohléx Fatigus Tests on Bar to B.S315
‘Quenched after Brezing -

e = -

Semi=renge of stress |- Ehdu:%noo J
. = tons/sqeine - X 10" oyole

D

e

28.20 0.112
26,10 0,319
25,8 06520
22,00 0.968
20,10 26.257
. 21,60
21.30
20.10
2.0,
20.46

EREEEEREEY
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- TABLE XVI

Results of Wihlex Pati m.sts on Bar %o

Semi~renge of stress *Endurence
- tons/8q.ine - x 105 gyoles

174 43.298
19.0 o 31T
19.85 ' 2.304
20,75 1.031
19.05 460189
19. 60 2 15!!—
19.20 134560
19.45 1.51%
19.35 , 6.461
19.10 2,755
19,10 . 1.790

1
EBwa~owiwe

TABLE XVII

Results of Wihler Fat Tests on Bar to
'+ TPaB.BullL 3n tho As PreseC e frescd ondstion

|

Semi-renge of stress \ B'!dur%;noo \
- tona/sgeins - x 10° cyoles Remarks

.0.572 Broken
.0526
-5¢589
By
-0.119
. 354590
3995
- 3.615
- 692
9.162

Swmqe\ur\ﬂ»




Results of Wohler Fatigue tests on Bar to
HoS-Ee-iiSI Normalised after Brasing

A Semi-range of stross
Speo Moy = tons/sg.in.

Sl w 17.10
18.00
16.05
15.00
.40
1420 Not Broken
11“ 25 " n
1o 28 Broken
1455 Not Brcken
1440 " "

=

~N o

=
owm

TABLE XIX

Results of Wohler Fatigue tests on Bar to
BeSe3s 556 1in the 4s Reoceived Condition

Specimen Noe Semi-range of stress Endurence Remarks
= ‘tons/sgein, ! « x 208 cyocles

s6 W1 1745 40.722 Not broken

364564, ] o
04829 "
0980 L)
0,558 L
1. 267 U
1,879 L
1l.012 »

264762

PRt Y

o .
Oowm




TABLE XX

Repoxt Noe Mete 18

Results of Wohlexr Fatl Tests on Bar to
B in the o Breasd Co

T the As Brazed Con tion

Semi-renge of stress
- = tons/sqeine

Remexk

g
3

wo~anmpFUwN

23.3

22.32
21.5

20.97
20,15
20,52
20,28
20, D
20,16

| Broken
]

Not broken
Bzvghan

sts on Bax to

Semi-yenge of stress
- tons/sq.ine

'6‘\.@-40\\!!&'\#“

Remarks
Broken
"
"
]




Report No. Met.l18

TABLE XXII

Results of Whler Fatigue Tosts on .
B.S. 8. 556 Baxr Hardened and Tempered
aftor Brazing

épeoimn Noe Semi-range of stress Enduznxlldé.,'
i - tona/sge.in. - x 206 cyclos

. Remarks

S6T Wi 2430 0. 646 Broken
PRl e 16 35X 520 Not Broken
©.r0.25%70 37027 " )
* 25,00 0,116 . Broken
3 '2‘"-. 7&- V 4 ,0. 912 »
© 24,00 32,380 Not Broken
* 24430 1431 Broken
2elly 1.205 "
2,08 ‘20 290 "
' 2400 35.429 Not Broken

S\DG)NIO\UIP'UN

TABLE XXITIT

Results of Wohler. Fatigue Tests on D.T.D. 1884
Bar in the As Reoeived Condition.

‘Semi-renge of stress Endurénoe J i
| .. = tona/sqein, .. | . - x 108 oyole : :

- 31.0 4 0.917 ‘Bmken

. 28.6 0.152 ..
26,0 0. 341 »
24..0 . L7.049 Not Broken
25.1 34s365 » "
2565 0.483 Broken
25643 384993 Not Broken
25,50 . 404506 L
25,65 . 8,715 Broken
26,0 4. 515 Not Broken




Report No. Met.l18

Semi-range of. stress
= tons/aq. in.

IR TR

25,20
24, 60
24, 00
2 30
2. L
26,10
27.00
28,00
2,08
2,.08

| Semi-range of stress

- tonu/,q. in,

24, 00
25, Oby
30.00
29.10
27. 00
27. 60
27. 30
27. 17
27.00




Report No. Met.18

Results of Wihler Tests on Bar to B.S.S.
4 : in the As Received Condition.--- °

| Semi-range of stress | Fndurance
- tons/sq. in. © " ='x 106 qyoles

=5 AR N e B s
Specimen No. Remarks :

Sl W 28.2 13. 777 Stopped

29.1° 31.923 Not broken
B3 0. 4,60 Broken
32,0 1. 292 "
3L0° 3,047 Not broken
3.5 365292 i " "
3.6 s “1:115 "1 Broken
3.7 0:938 "

3.5 37,090 .| Not broken
32.85 0. 502 Broken

(S

o~ WLE W

=
o\

TABLE XXVIT

Results of Wohler Fatigue lests on Bar to B.S.5,4311
{ in the As Brased Condition

—- ' el E

.

v v
s oimen Nos ° Somi~range of stress __ Bndurance 2 .
il AN - tons/sq. in. | =% 106 qyocles Remarks -

- 38,45 - . .- 0e090 . .
37.10 0. 337
36, 10 0.189
25,05 0,190
33,10 ; 0. 502
32,00 @. 948
31.30 0. 769
30.75 1.503

+ 29,20 1,560

30,50 1. 368
28.00 21,227

- - 28450 25.459 .
28,90 35.010
29. 04 36, 851
29. 36 ! 30. 805
30.00 6. Tl




Repor'b No. wt. 18

TARLE VLI

Results of idohler Fatigue Tests on to
ed ter ag

Semi-range of stress ‘l Endurence
- tons/sq. in. | = x 106 ayoles

Specimen No.

S11 TWl 29, 50 32,857
33.15 0.578
32,28 1.916
31.56 0. 610
30. 56 2.553
30. 08 6. 601
30. 00 e 248
29. 80 33. 793
345 0. 381

O o~ o Fw N
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